
INTRODUCTION

The use of heterocyclic coupling
components and diazo components in the synthesis
of azo disperse dyes is well established and the
resultant dyes exhibit good tintorial strength and
brighter dyeing than those derived from aniline
based components. For instance, Hallas et al,
reported that the synthesis of azo dyes derived from
2-aminofhiophene derivatives and their application
on polyester fibres gave excellent results1,2. On the
other hand, the use of amino-substituted thiazoles
such as benzothiazoles, being very electronegative
diazo components produce pronounced
bathochromic shift when compared to the
corresponding benzoid compounds3,4,5,6.

Although, many patents and papers
described the synthesis and dyeing properties of
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ABSTRACT
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monoazo dyes7,8,9,10, very few comparable
investigations have been made with disazo dyes
containing heterocyclic and carbocylic
components11,12. In this present study, the syntheses
of some novel disazo dyes derived from 2-amino-
5-nitrothiazole as the heterocyclic diazo component
and several aryloxy and arylamine compounds as
coupling components is reported. Also, the fastness
properties of the heterocyclic disazo disperse dyes
and 2-chloroaniline disazo dye analogs have been
investigated for comparative purposes.

EXPERIMENTAL

Materials
2-Amino-5-nitrothiazole, 3-aminophenol,

1,3- dihydroxybenzene, N-phenylnapthylamine, 1,4-
dihydroxybenzene, 2-chloroaniline were obtained
from. Aldrich chemical Co (USA) and Fluka chemical
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Co (Germany) and used without further purification.

Chemical and instrumental analysis
The structures of the novel compounds

were confirmed by proton nuclear magnetic
resonance (1H NMR) spectroscopic and infrared (IR)
analyses. 1H NMR spectra were recorded on a
mercury 200 BB MHz spectrometer equipped with
an oxford wide Bore Magnet, sun 3/160 based
computer with an array processor and GE Omega
6.0 software. Chemical shifts are given in d values
(ppm) with tetramathylsilane (TMS) as internal
reference and deuterated chloroform as solvent.

Melting points were determined using
Thumbnail melting point apparatus and are
uncorrected. The UV-visible spectra were measured
in 1 cm quartz cells on a spectrophotometer
(Genesys IOS VL. 200).

Fourier transform infrared (FTIR) spectra
were recorded on a Nicolet Averser 330 series
spectrophotometer. Dye purity was assessed by thin
Layer chromatography (TLC) using Whatman 250
m silica gel 60 AMK 6F plates as the stationary
phase and ether/acetone (5:1 by volume) mixture
as developing solvent. Characterization data are
shown in Tables 1 and 2.

Synthesis of intermediates (Schemes 1, and 3).
2-Amino-5-nitrothiazole (15 g, 0.103 mole)

was dissolved in a mixture of 66 g conc. H2SO4 and
33 g ice at 25oc. A solution of 7.5 g, sodium nitrite
(0.109 mole) dissolved in 45 g concentrated sulphiric
acid was added dropwise to the amino nitrothiazole
solution at -10oC to 0oC with stirring. After 30 min of
stirring at -10oC to 0oC, the resulting diazonium salt
was slowly added to the cooled solution of 11.3 g of
3-Aminophenol (0.109 mole) dissolved in 20 ml (4.14
g, 0.104 mole) sodium hydroxide at 0-5oC with
vigorous stirring for 5 min. The mixture was further
stirred for 1h and the resultant product obtained was
collected by filtration and washed with water. The
crude product was then recrystallized from hot
ethanoic acid to give 18.59 g (68% yield) as brown
crystals of 4-nitrothiazole azo-41-amino-2-
hydroxybenzene.

Synthesis of dyes
Method 1: Synthesis of 4-Nitrothiazoleazo-2-
hydroxyphenyl azo-2,41-dihydroxybenzene

4 - N i t r o t h i a z o l e a z o - 4 1- a m i n o - 2 -
hydroxybenzene (4.0 g, 0.015 mole) was diazotized
in 6.0 ml of concentrated sulphuric aicd and 22 g
ice mixture with a solution of 3.5 g sodium nitrate
(0.0507 mole) dissolved in 40 g concentrated
sulphiric acid. Excess nitrous acid was destroyed

Scheme 2.

Scheme 1.



33Otutu et al., Orient. J. Chem.,  Vol. 26(1), 31-38 (2010)

using urea (0.15 g, 0.003 mole) solution. The
coupling component 1,3-dihydroxybenzene (1.7 g,
0.154 mole) dissolved in 20 ml of 2 molar sodium
hydroxide solution was cooled to 0-5oc. The diazo
solution prepared above was slowly added into the
coupler solution with vigorous stirring for 18 min at
0.3oC. Stirring was continued further for 2h and the
precipitated product was filtered off, washed with
water and dried. The crude product was then
recrystallized from hot acetic acid to give dye 5a, 4-
n i t r o t h i a z o l e - 2 - hy d r ox y p h e n y l a z o - 1 , 3 -
dihydroxybenzene as brown solid. (2.0 g, 68.7%).
This procedure was also used to synthesise dye 5b.

Method 2: Synthesis of 4-Nitrothiazoleazo-2-
hydroxyphenyl azo-N-phenylnaphthylamine

4 - N i t r o t h i a z o l e a z o - 4 1- a m i n o - 2 -
hydroxybenzene (4.0 g, 015 mole) was suspended
in 50 ml water and 6.0 ml concentrated sulphuric
acid was added to the suspension a little at a time
with stirring. The resultant mixture was then cooled
to 0-5oC and a solution of 3.5 g. Sodium nitrite
(0.0507 mole) dissolved in 45 g concentrated acid
was added dropwise to the above mixture at -10oC
to 0oC with stirring. After stirring for 30 min.

at -10oC to 0oC, the resulting diazonium salt solution
was slowly added to the cooled solution of 3.4 g
(0.0155 mole) of N-phenylnaphthylamine dissolved
in 8 ml acetic acid with vigorous stirring for 10 min.
The mixture was further stirred for 2 h and the crude
product was collected by filtration washed with water
and dried. The crude product was purified by
recrystallization from hot ethanol-methanol mixture to
give compound 5c in 5.9 g (56%) yield as a brown
solid.

In other to synthesise 2-chloroaniline dye
analogs, the same procedure was repeated except
that in this series, hydrochloric acid was used to
generate the nitrous acid for the diazotization
process, since a chloroaniline is the diazo
component.

Dye applications
Dye dispersions

Prior to dyebath preparation, each dye was
dissolved in N,N-dimethylformatmide (DMF) and
added slowly to a flask containing a solution of
dispersing agent (Ligninsulfonates-sulfite cellulose
Liquors) and made up to 100 ml mark.

Scheme 3.

Scheme 4.
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Application of dyes 5a-c and dyes 8a-c on
polyester fabric

Polyester fabric was dyed at 130oC for 1.5
h using a Mathis Labomat dyeing machine with a
3oC/ min. temperature gradient, and a dyebath
containing 1% of weight of fibre (owf) and 2% owf
dispersing agent (Ligninsulfonates-sulfite cellulose
Liquors) with a liquor ratio of 20:1. After allowing the
dyeing vessel to cool below 100oC, the fabric was
removed from the hot dyebath, rinsed with cold water
to remove unfixed dye and air dried. Dyed fabrics
were reduction cleared in an aqueous solution of 2
g/L sodium hydroxide and 2 g/L sodium hydrosulphite
at 80oC for 30 min. The dyebath preparation and
dyeing procedure were as described in literature13.

Application of dyes 5a – c and dyes 8a – c on
nylon 66 fabric

Nylon fabrics were dyed at 90oC for 1 h
using an Ahiba Texomat dyeing machine with a 3oC/
min temperature gradient, and a dyebath containing
1% owf dye and 2% owf dispersing agent
(Ligninsulfonates-sulfite cellulose Liquors) based on
the fabric weight. The liquor ratio was 60: 1 and the
pH was 3 (using 1% acetic acid). The dyed fabric
was removed from the hot dyebath, rinsed with cold
water and air dried14.

Fastness testing
Light fastness

Light fastness was evaluated by exposing
the fabrics to the xenon lamp of an Atlas 3 Sun
Weather-Ometer, according to the conditions of
AATCC Test Method 16E-1993[15]. Test conditions
were: black panel temperature, 63oC, dry bulb
temperature, 43oC; relative humidity, 30%; duration
of test 24 h. The resultant fabrics were rated against
standard blue wool samples (grade 1-8).

Wash fastness Test
Wash fastness to laundering was evaluated

by using a linitest washwheel machine, according
to the conditions of ISO washing test 3. The
composite samples of polyester and nylon fabrics
were treated respectively with a mixture of 0.2%
soap solution and 2 g/L (0.618 mole) sodium
carbonate liquor ratio 50:1 for 30 min. at 60oC. The
change in colour of the fabric and the degree of
staining of the two adjacent undyed fabrics were
evaluated using grey scales16.

Sublimation fastness
Sublimation test was determined according

to ISO 105-POI, 1993 protocol17. The dyed fabrics
were treated in a sublimation testing machine at
177oC for 30 s and then rated against the standard
grey scales.

Rubbing fastness
The rubbing test was carried out according

to ISO 105-X12; 200118. The tested specimens were
assessed according to the grey scales.

RESULTS AND DISCUSSION

Dye synthesis
Scheme 1 shows that the first step of

the synthesis involves the preparation of the
intermediate diazo component. In this regard,
the starting material, 2-amino-5-nitrothiazole
was diazotized and coupled with 3-aminophenol
according to the published methods19,20. The
yield of the dye intermediate (3) was moderate
(69%). In the second step of the reaction
sequence,  the dye in termediate (3)  was
diazotized and the diazonium salt was coupled
with aryloxy and arylamine compounds to give
disperse dyes (Scheme 2). The prepared
heterocyclic dyes were characterized using IR,
uv-visible and 1H NMR analyses as shown in
Tables 1 and 2.

Thermal properties
All the prepared dyes, except, 5c and

8c exhibited high thermal stability (Table 2).
Although it would be unwise to attempt to explain
in detail their relative values because of the
complex dependence of the melting points on a
number of factors, a few general trends can be
accounted for. The dyes prepared from low
melting coupling compounds (such as in dyes
5c and 8c which gave melting points 178-180
and 120-122 respectively) tended to have low
thermal stability compared to the others. Also, it
is presumed that, the more polar dye which
contain more powerful electron-withdrawing
group tend to have better thermal stability; the
nitrothiazole disazo dye derivatives and the 2-
chloroaniline analogs which do not contain
arylamine as coupling component generally
exhibited higher thermal properties.
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Table 1: IR and 1H NMR data for dyes 5a-c and 8a-c

Dye IR (KBr, υυυυυ cm-1) 1H NMR, δδδδδ (ppm) Solvent

5a 3449 (OH) 7.20 (d, IH, phenyl proton)
1535 & 1350 (NO2, symmetric and 7.35(d, IH, phenyl proton)

antisymmetric stretch)
1512 (Ar–ring) 7.40 (m, IH phenyl proton)
1238 (C–O) 7.61 (m, IH, phenyl proton) CDCl3
1113 (>C–S) 7.62 (d, IH phenyl proton)
(X – S) 8.75 (dd, IH thiazole proton)

13.50 (3, IH bonded OH)

5b 3450 (OH) 7.39 (t, IH phenyl proton)
1560 & 1350 (NO2, symmetric 7.30 (d, IH phenyl proton)
& antisymmetric stretch), 1508 (Ar-ring) 7.54 (d, IH phenyl proton)

1237 (C–O) 7.59 (m, IH phenyl proton) CDCl3
1116 (>C–5) 7.68 (d, IH phenyl proton)
(C – S) 8.85 (dd, IH thiazoic proton)

13.40 (s, IH bonded OH)
5c 3456 (OH, NH) 3.24 (s, IH, OCH3)

1560 & 1356 (NO2, symmetric & 6.82 (d, IH phenyl proton)

antisymmetric stretch)
1508 (Ar–ring) 7.00 (d, IH phenyl proton)
1240 (C–O) 7.20 (t, IH phenyl proton)

1115 (>C–S) 7.14 (q, IH, naphthalene proton) CDCl3
7.33 (d, IH naphthalene proton)
7.37 (m, IH naphthalene proton)

7.40 (d, IH, naphthalene proton)
7.42 (d, IH phenyl proton)
7.72 (d,d, IH phenyl proton)

8.97 (d,d, IH naphthalene proton)
8a 3451 (OH) 13.40 (s, IH, bonded (OH)

1508 (Ar–ring) 7.00 (t, IH, phenyl proton)

1249 (C–O) 7.10 (d, IH phenyl proton)
7.20 (d, IH phenyl proton)
7.27 (b, & m, IH phenyl proton) CDCl3
7.32 (d, IH phenyl proton)
7.36 (d, IH phenyl proton)
7.40 (t, IH phenyl proton)

7.50 (m, IH phenyl proton)
7.57 (dd, IH phenyl proton)
7.89 (d, IH phenyl proton)

13.42 (s, IH bonded OH)
8b 3444 (OH) 7.20 (d, IH, phenyl proton)

1509 (Ar–ring) 7.30 (t, IH phenyl proton)

2925 (C–H) 7.32 (t, IH phenyl proton)
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Table 2:  Yield, melting points, and spectral data of dyes 5a-c and 8a-c

Dye R Yield m.p. absorption Rf λλλλλmax εεεεεmax (lmol-1

(%) (°C) (nm) cm-1)×104

5a 69 >360 0.549 0.58 602 5.0

5b 70 188-190 0.532 0.62 611 4.9

5c
 

NH 
56 178-180 0.469 0.71 515 5.8

8a 62 268-270 0.160 0.50 482 1.5

8b 68 216-218 0.730 0.67 443 6.7

8c 52 120-122 0.492 0.47 494 5.9

1245 (C–O) 7.40 (d, IH phenyl proton) CDCl3
7.44 (m, IH phenyl proton)

7.56 (m, IH phenyl proton)
7.89 (d,d, IH phenyl proton)7.60 (d, IH
phenyl proton)7.68 (t, IH phenyl proton)

7.72 (d, IH phenyl proton)
13.60 (s, IH, bonded OH)

8c 3462 (OH, NH) 1.63 (s, IH Nmine)

1508 (Ar–ring) 6.91 (d, IH phenyl proton)
1231 (C–O) 7.02 (d, IH phenyl proton)

7.05 (d, IH phenyl proton)

7.15 (d, IH naphthalene proton)
7.22 (t, IH phenyl proton)
7.35 (d, IH phenyl proton)

7.40 (naphthalene proton) CDCl3
7.48 (d, IH naphthalene proton)
7.50 (t, IH naphthalene proton)

7.58 (d, IH naphthalene)
7.60 (m, IH phenyl proton)
7.68 (d, IH phenyl proton)

7.76 (d, IH phenyl proton)
7.98 (m, IH phenyl proton)
8.20 (dd, IH naphthalene proton)

13.60 (s, IH, bonded OH)
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Absorption spectra
The electronic spectral data (Table 2) of

the dyes showed that the nitrothiazole derived dyes
gave higher λmax than the 2-chloroaniline  derivatives.
The reason for this may be attributed to the
presence of the nitro group and also the –OH
group(s) which ensure maximum p-electron overlap
as a result of intramolecular hydrogen bond
formation with the azo linkage. Also, the nitrothlazole
derived disazo dyes gave brighter dyes than their
2-chloroaniline counterparts. This corroborates with
the recent work done on heterocyclic disazo dyes8.

The 1R spectral data gave absorption
frequencies for –OH and C-O stretching vibrations
for all the dyes. NH stretching vibrations for dyes 5c
and 8c, NO2 symmetr ic and antisymmetric

stretching vibrations for dyes (5a-c). These
absorption frequencies quite agree with those
reported in literatures21,22.

Fastness test
Light fastness

The light fastness test results (Table 3)
showed that the dyes derived from the nitrothiazole
diazo component gave good light fastness on
polyester (PET) fabric with a rating of 6 compared
with those of 2-chloroaniline derivatives with ratings
of 4 to 5 on PET. The high light fastness of the
nitrothiazole disazo dyes on PET could be due to
the presence of the nitro group in the dye structure.
The same dyes, however, gave light fastness ratings
of 4 on the nylon substrate. The low light fastness
of the dyes on nylon fibre is due to that fact that it

Table 3: Fastness properties of dyes 5a-c and 8a-c (1% owf) on PET and nylon

Dye Light Wash Sublimation Rubbing Colour on fabric

PET nylon PET nylon PET nylon PET nylon PET nylon

Dry Wet Dry Wet

5a 6 4 5 5 5 5 4/5 4 4/5 4/5 Pink Pink
5b 6 4 5 5 5 5 4/5 4/5 4/5 4/5 Pink Pink
5c 6 4 5 5 5 5 4/5 4/5 4/5 4 Orange Orange
8a 5 4 5 5 5 5 3/4 3/4 3/4 4 Orange Orange
8b 5 5 5 5 5 5 3/4 4/5 4 3/4 Orange Orange
8c 5 4 5 5 5 4/5 3/4 3/4 3/4 3/4 Brown Brown

has higher moisture regain than PET23. Thus, the
rate of photofading on PET may be retarded
because access of water vapour to the dye particle
is restricted.

Wash fastness
The wash fastness test results (Table 2)

showed no change in colour and staining of adjacent
undyed fabrics for all the dyes on PET and nylon
fabrics except dye 8c of the 2-chloroamline
derivatives. The excellent wash fastness is attributed
to the high molecular weight of the dyes.

Sublimation fastness
The results of the sublimation fastness test

showed that all the dyes are quite stable to heat.
Thus, the presence of the polar groups such as –Cl
and –NO2 in the diazo components of the dyes tend

to have given them enough stability to sublimation.

Rubbing fastness
The rubbing fastness test results (Table

2) showed that the nitrothiazole derived dyes gave
moderate to good ratings in both change in colour
and staining of adjacent undyed fabrics on PET and
nylon fabrics. However, the rubbing fastness ratings
of the 2-chloroaniline disazo dyes (8a-c) are lower
than those of the nitrothiazole disazo dyes.

CONCLUSIONS

A series of nitrothiazole disazo disperse
dyes were prepared from the coupling reactions
between carbocyclic couplers and prepared 4-
nitrothiazoleazo-41-amino-2-hydroxybenzene, and
their fastness properties were investigated.
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The nitrothiazole (heterocyclic) disazo dye
derivatures developed the colour of orange to pink
which is bathochromic compared with 2-
chloroaniline (carbocyclic) disazo dye analogs which
developed orange to brown colours. Also, the
nitrothiazole disazo dye derivatives showed higher
light fastness rating of 6 on polyester substrate than
the 2-chloroaniline disazo dye derivatives. However,
the two series of disazo dyes showed light fastness

rating of 4 on nylon fabrics. The synthesized dyes
exhibited excellent wash, and sublimation fastness
on polyester and nylon substrates. The 2-
chloroaniline disazo dye derivatives showed lower
rubbing fastness than their nitrothiazole
counterparts. These outstanding properties of the
dyes showed that they could be of commercial
importance in the textile industry and automobile
industry.
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